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Name  of  Dam:  Geist  Dam 

State  Located:  Pennsylvania 
County  Located:  Delaware  County 
Stream:  Crum  Creek 

Coordinates:  Latitude  39°  52.9'  Longitude  75°  23.4' 
Date  of  Inspection:  6 April  1978 


Geist  Dam,  also  known  as  Springton  Reservoir,  has  been 
in  continual  service  since  1929  without  incident,  and  has 
been  classified  as  a High  Hazard  Potential  dam.  By  virtue 
of  its  age,  some  deterioration  of  concrete  appurtenances  has 
occurred.  However,  none  of  the  on-site  observations  or  data 
reviewed  revealed  features  that  would  suggest  any  immediate 
or  near-term  potentially  hazardous  condition.  Therefore, 
the  dam  is  considered  to  be  in  good  condition. 

This  earth  dam  facility,  constructed  in  1929,  was  not 
designed  to  meet  current  Federal  (OCE)  hydrologic  guidelines. 
A review  of  the  available  data  indicates  that  the  structure 
does  not  pass  one-half  the  Probable  Maximum  Flood  (PMF)  with- 
out overtopping. 

It  has  been  estimated  that  the  existing  spillway  will 
accommodate  a flood  at  least  equivalent  to  about  35  percent 
of  the  PMF  without  overtopping.  As  the  earth  dam  has  a con- 
crete core  wall  as  well  as  heavily  riprapped  upstream  and 
downstream  slopes  and  a paved  crest,  the  effect  of  short-term 
overtopping  on  the  integrity  of  the  embankment  will  probably 
not  lead  to  failure  of  the  embankment.  However,  there  is  an 
unquantified  risk  that  long-term  overtopping  would  lead  to 
failure  and  significantly  increase  the  hazard  potential  down- 
stream. Therefore,  the  spillway  is  considered  "Inadequate" 
only  for  storms  which  produce  short-term  flows  which  overtop 
the  dam  crest. 

The  Owner's  1973  and  1975  studies  have  identified  this 
condition  as  well  as  remedial  measures  to  increase  the  out- 
let capacity  or  raise  the  dam  crest.  It  is  believed  that 
further  investigations  would  not  significantly  contribute  to 
the  assessment  of  the  safety  of  Geist  Dam.  Rather,  it  is 
recommended  that  the  Owner  prepare  a plan  for  around-the- 
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clock  surveillance  during  periods  of  unusually  heavy  rains 
and  develop  a formal  warning  system  for  use  in  the  event 
of  an  emergency.  An  operational  maintenance  procedure  should 
also  be  established  together  with  a program  to  monitor  exist- 
ing leaks  with  contingency  plans  for  repairing  these  leaks. 

Detailed  remedial  construction  and  monitoring  recommen- 
dations are  presented  in  Section  12.0  of  this  report. 
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OVERVIEW 

GEIST  STORAGE  DAM  (SPRINGTON  RESERVOIR) 


The  Phase  I investigation  described  in  this  re- 
port  was  made  as  a part  of  the  National  Dam  Safety  Program. 
This  program  is  being  implemented  by  the  Secretary  of  the 
Army,  through  the  Corps  of  Engineers,  in  response  to  the 
National  Dam  Inspection  Act,  Public  Law  92-367,  dated 
August  8,  1972.  — 


* The  purpose  of  this  inspection  is  to  determine 
if  the  dam  constitutes  a hazard  to  human  life  or  property. 


r 3.0  GENERAL  _ , < 

This  Phase  I investigation  followed  the  proce- 
dures outlined  in  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams",  issued  by  the  Department  of  the  Army, 

Office  of  the  Chief  of  Engineers.  It  consisted  of  a re- 
view of  readily  available  engineering  and  operational  data 
pertaining  to  the  project  and  a visual  inspection  of  the 
dam  and  appurtenant  structures. 

The  Phase  I investigation  reported  herein  seeks 
to  identify  conditions  which  are  potentially  hazardous  to  a 
dam  and  provide  judgements  concerning  measures  leading  to 
mitigation  of  such  hazards.  Potentially  hazardous  conditions 
are  identified  using  the  criteria  and  procedures  presented 
by  the  Federal  (OCE)  dam  safety  inspection  guidelines. 

Much  of  the  engineering  data  reviewed  was  de- 
rived from  the  files  of  the  Philadelphia  Suburban  Water  Com- 
pany in  Bryn  Mawr,  Pennsylvania,  and  the  files  of  the  Penn- 
sylvania Department  of  Environmental  Resources. 

The  field  inspection  was  performed  on  April  6, 

1978,  by  a team  of  engineers  and  geologists,  listed  in 
Appendix  B.  Local  information  concerning  the  operation  and 
maintenance  of  the  facility  was  provided  by  Messrs.  Thomas 
M.  Kiely  and  Richard  Riegler,  representing  the  Philadelphia 
Suburban  Water  Company,  Bryn  Mawr,  Pennsylvania. 


DESCRIPTION  OF  PROJECT 


Geist  Dam  is  situated  on  Crum  Creek  about  11 
miles  north  of  the  confluence  of  Crum  Creek  and  the  Delaware 
River.  The  reservoir  includes  portions  of  both  Chester  and 
Delaware  Counties,  and  serves  to  create  a water  supply  im- 
poundment for  the  area.  A regional  location  plan  of  the  dam 
and  reservoir  is  enclosed  as  Plate  1. 

The  reservoir,  created  from  impoundment  of  the 
waters  of  Crum  Creek,  is  reported  to  have  maximum  storage 
of  approximately  13,600  acre-feet.  The  contributing  water- 
shed covers  approximately  21.5  square  miles  and  varies  in 
elevation  from  690  feet  to  200  feet  above  MSL.  Although 
there  is  increasing  development  within  the  Crum  Creek  Basin, 
much  of  this  area  remains  rural. 

Geist  Dam  consists  of  a rolled  essentially  homo- 
geneous earth  fill  structure  containing  a concrete  core  wall 
founded  within  bedrock.  A typical  cross-section,  enclosed  as 
Plate  4,  shows  the  crest  width  to  be  44  feet  and  the  height 
of  the  dam  to  be  about  75  feet  above  the  valley  floor.  The 
upstream  slope  of  the  earth  fill  is  inclined  at  3 horizon- 
tal to  1 vertical  and  the  downstream  slope  at  2 horizontal 
to  1 vertical. 
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Full  protection  of  both  slopes  is  provided  by 
hand-placed  riprap  and  dumped  rock  fill.  Below  elevation 
180,  the  downstream  rock  fill  facing  is  thickened  to  pro- 
vide a 2-1/2  horizontal  to  1 vertical  slope  and  essentially 
forms  an  outer  rock  fill  embankment  zone.  State  Route  252 
traverses  the  crest  of  the  dam  and  bridges  the  spillway  dis- 
charge channel,  resulting  in  complete  paving  of  the  dam  crest. 
An  overview  photograph  of  the  dam  is  enclosed  as  the  frontis- 
piece . 


As  shown  on  Plate  2,  the  spillway  is  located 
at  the  west  abutment  of  the  dam  and,  as  documented  by 
construction  records,  is  excavated  and  keyed  into-rock.  The 
length  of  the  ogee  crest  is  approximately  300  feet  and  has 
the  form  of  a circular  arc.  The  paved  spillway  channel  dis- 
charges into  an  unpaved  channel,  joining  Crum  Creek  below 
the  dam.  An  auxiliary  spillway  has  not  been  provided. 
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4 . 1 CLASS  IF  IC AT  ION 


The  dam  is  classified  according  to  Corps' 
guidelines  as  an  intermediate  size  dam  by  virtue  of  both 
its  height  of  embankment  and  maximum  storage  capacity.  Be- 
cause failure  of  the  dam  could  potentially  result  in  the  loss 
of  life  to  several  residents  living  downstream  along  Crum 
Creek,  it  is  classified  as  a High  Hazard  Potential  dam. 


4.2  PURPOSE 


The  facility  is  owned  by  the  Philadelphia 
Suburban  Water  Company  and  serves  as  a supply  source  for 
production  of  potable  water. 


4.3  DESIGN  AND  CONSTRUCTION  HISTORY 

During  construction,  the  stream  diversion  was 
accomplished  by  means  of  a cast- in-place  concrete  conduit 
10  feet  wide  and  10  feet  high.  Upon  plugging  of  the  diver- 
sion conduit,  a 36-inch  cast  iron  pipe  was  placed  in  the 
conduit  and  is  connected  to  an  intake  tower  located  in  the 
reservoir.  Water  is  drawn  through  the  tower  via  the  36-inch 
pipe  connecting  to  a 24-inch  pipe  through  a venturi  and  dis- 
charges into  Crum  Creek  downstream  of  the  dam. 

Construction  of  the  dam  started  in  November, 
1929.  Both  the  diversion  conduit  and  core  wall  were  founded 
on  rock,  the  latter  extending  to  unaltered  rock.  A grout 
curtain  installed  along  the  alignment  of  the  core  wall  was 
also  largely  constructed  in  1929  by  injecting  neat  cement 
grout  under  header  pressures  of  about  40  psi.  The  20  feet 
deep  (average)  grout  holes  were  spaced  3 feet  on-center,  al- 
ternating with  a one  foot  offset  to  the  left  and  right  of  the 
core  wall  centerline. 

During  the  1930  working  season,  the  core  wall 
was  completed  and  practically  all  the  embankment  was  placed. 
Embankment  materials  were  largely  derived  from  borrow  pits 
located  within  the  reservoir  area.  The  spillway  structure 
was  completed  in  the  Spring  of  1931.  Impounding  of  the  reser- 
voir was  initiated  in  February  of  1931  and  was  substantially 
completed  by  January,  1932. 
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4.4  PERTINENT  DATA 

A summary  of  pertinent  design  and  as-built 
statistics  are  tabulated  on  Table  1.  Relevant  dimensions 
were  checked  during  the  field  inspection  on  April  6,  1978. 


4.5  GEOLOGY 

Geist  Reservoir  is  located  in  the  Piedmont 
Uplands  section  of  the  Piedmont  Physiographic  Province. 

A regional  northeast  striking  thrust  fault  crosses  the 
reservoir  approximately  one  mile  northwest  of  the  dam.  As 
shown  on  Plate  7,  the  predominant  rock  types  in  the  reser- 
voir area  consist  of  Precambrian  gabbroic  gneiss  and  gabbro, 
and  Lower  Ordovician  mica  schist  of  the  Wissahickon  Forma- 
tion . 

Outcrops  near  the  dam  site  indicate  the  rock 
to  be  a micaceous  gneiss  containing  quartz,  muscovite  and 
feldspar.  Construction  photographs  indicate  the  rock  to 
have  a distinct  cleavage  probably  coincident  with  the  at- 
titude of  foliation.  The  cleavage  appears  to  dip  about  60° 
downstream  and  to  roughly  strike  parallel  to  the  core  wall 
alignment.  Based  on  boring  records,  the  depth  to  rock  be- 
low the  original  ground  surface  at  the  dam  centerline 
usually  ranged  between  0 and  20  feet  and  averaged  about  10 
feet . 


5.0  SUMMARY  OF  ENGINEERING  DATA  AVAILABLE 

Available  data  used  for  this  Phase  I investi- 
gation was  primarily  derived  from  the  Philadelphia  Suburban 
Water  Company  in  Bryn  Mawr,  Pennsylvania.  A listing  of  the 
principal  data  used  is  tabulated  below: 


"Report  Upon  the  Application  of  the 
Philadelphia  Suburban  Water  Company" 
to  construct  Geist  Dam,  dated  June  12, 
1929. 

Assorted  daily  field  reports  of  con- 
struction detailing  items  completed  on 
a specific  date. 
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(3)  Assorted  progress  reports  of  construc- 
tion by  the  Resident  Ehgineer. 

(4)  Detailed  construction  photographs  of 
various  stages  of  construction. 

(5)  Hydraulic  analyses  of  spillway. 

(6)  Preliminary  Specifications  of  the 
dam  and  spillway. 

(7)  Philadelphia  Suburban  Water  Company, 

"Crum  Creek  Storage  Dam",  Plan  No. 

9943,  Sheets  1 through  11,  August  1, 

1929. 

(8)  Philadelphia  Suburban  Water  Company, 
"Springton  Dam",  Typical  Cross-Sections, 
Record  Drawing,  February  3,  1932. 

(9)  Philadelphia  Suburban  Water  Company, 
Contract  116,  Photographs  82  through 
545,  dated  November  12,  1929  to 
September  8,  1931. 

(10)  Corps  of  Engineers,  U.S.  Army,  "Flood 
Plain  Information,  Ridley  Creek,  Dela- 
ware County,  Pennsylvania",  April  11, 
1970.  U.S.  Weather  Bureau,  "Hydrome- 
teorological Report  No.  33". 

(11)  McCurdy,  H.S.R.,  "The  Springton  Dam  and 
Reservoir",  Journal  of  American  Water 
Works  Association,  Vol.  24,  No.  7, 

July  1932.  Fidler,  H.A. , "The  Springton 
Dam",  a Senior  Paper  to  the  Drexel  Insti- 
tute of  Technology,  February,  1932. 

(12)  Woodward-Clyde  Consultants,  reports  to 
Philadelphia  Suburban  Water  Company  en- 
titled "Safety  Evaluation,  Geist  Dam", 
dated  October  23,  1973  and  September  25, 
1975. 
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TABLE  1 

GEIST  STORAGE  DAM 


1 

SUMMARY  OF  PERTINENT 

DATA 

1 

1 

1. 

Drainage  Area 

21.5  square  miles 

1 

2. 

Discharge  at  Dam  Site 

♦ 

Max.  Known  Flood  at  Dam  Site 

3500  cfs  (June  1972) 

Total  Spillway  Capacity  at 

Maximum  Pool 

Total  Capacity  of  36"  diver- 

11,600 cfs 

sion  pipe 

no  rating  curve 

3. 

Elevation 

Top  of  Dam 

207  feet 

•• 

Top  of  Spillway 

200  feet 

Crest  of  Masonry  Parapet  Wall 

210  feet 

Normal  Pool  Elevation 

200  feet 

4 ar 

Maximum  Pool  Elevation 

Upstream  Intake  Elevation  (pipes) 

155  and  180 

Downstream  Discharge  Eleva- 

*  % 

tion  (pipe) 

Maximum  Tailwater  Elevation 

205  feet 

4. 

Reservoir 

Length 

2 . 3 miles 

Maximum  Depth  of  Reservoir 

66  feet 

Water  Surface  at  Normal  Pool 

391  acres 

Storage  (incremental) 

design 

Normal  Pool  Elevation 

10,740  Acre-Feet  (design) 

Top  of  dam  (207) 

2,837  Acre-Feet 

5. 

Dam 

Type 

Rolled  earth  with  concrete 
core  wall  to  crest.  Rip- 
rap slopes  on  both  sides 

Length 

2000  feet 

Height  above  Streambed 

Height  above  deepest  Portion 

75  feet 

of  Core  Walls 

95  feet 

Crest  Width 

44  feet 

Upstream  Slope 

3H:  IV 

Downstream  Slope 

2H:1V  above  El.  180 

2 . 5H : IV  below  El.  180 

Grout  Curtain 

Yes,  3-row  staggered 

6 

3 feet  on-center 

TABLE  1 (continued) 
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^ 6.  Spillway 

i Type  Masonry  and  Concrete  Ogee 

Length  300  feet 

Downstream  Channel  The  channel  passes  through 

urban  areas  on  its  path 
to  the  Delaware  River 
(approximately  11.1  miles) 
with  many  natural  (trees 
and  brush)  obstructions 
and  man-made  (encroachment 
onto  flood  plains,  bridges, 
etc.)  obstructions. 
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TYPICAL  PROFILE  ALONG  CENTERLINE  OF  CONDUIT 
AND  INTAKE  TOWER 
GEIST  STORAGE  DAM 

DELAWARE  COUNTY  PENNSYLVANIA 
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6.0  RESULTS  OF  VISUAL  INSPECTION 


The  Phase  I inspection  of  Geist  Dam  was  made 
on  April  6,  1978.  During  this  inspection,  a thorough  visual 
survey  was  made  of  the  dam,  slopes  and  crest  as  well  as  the 
downstream  conditions.  Reservoir  level  at  the  time  of  this 
inspection  was  approximately  1 to  2 inches  above  the  spill- 
way crest.  A composite  of  the  significant  observations  and 
comments  of  this  field  inspection  team  is  contained  in  the 
Checklist  contained  herein  as  Appendix  B. 

The  survey  failed  to  detect  any  evidence  of 
distortions  in  alignment  or  grade  which  would  be  indicative 
of  movement  of  the  embankment  or  foundation.  A careful  in- 
spection of  the  downstream  slope  and  ground  surface  was  con- 
ducted to  observe  any  evidence  of  seepage  emergence  on  or 
beneath  the  dam.  Because  of  the  porous  rock  fill  mantling 
the  downstream  slope,  no  evidence  of  seepage  was  detected 
on  this  slope.  However,  small,  clear-running  springs  were 
detected  at  two  downstream  locations  during  the  inspection. 

It  is  understood  that  the  Owner  will  be  installing  piezometers 
near  the  downstream  toe  to  enable  long-term  observation  of 
piezometric  levels  in  the  areas  where  there  is  existing  seep- 
age. The  location  of  the  springs  are  shown  on  Plate  3 and 
have  been  identified  by  previous  inspections  during  1972-73. 

Observations  within  manholes  servicing  an  8- 
inch  O.D.  vitrified  clay  drainage  pipe  located  within  the 
downstream  toe  of  the  dam  indicated  that  segments  of  the 
drain  were  blocked  causing  water  levels  in  the  manholes  to 
be  well  above  the  invert  of  the  drain  pipe.  This  embankment 
toe  drain  was  placed  within  open  joints  and  collects  the 
crest  roadway  storm  drainage  conveyed  by  a drop-inlet  system. 
The  outfall  of  the  toe  drain  in  Crum  Creek  was  also  observed 
to  be  partially  inundated  and  silted.  This  condition  was 
also  observed  during  the  1972-73  inspections. 

Inspections  were  made  within  the  diversion 
conduit  which  extends  beneath  the  dam  from  a downstream 
portal  to  the  plug  near  the  upstream  toe.  These  inspections 
revealed  limited  seepage  into  the  conduit,  generally  through 
construction  joints  and  cracks.  The  highest  crack  frequency 
was  noted  in  the  vicinity  of  the  conduit-core  wall  juncture. 
Previous  monitoring  of  the  seepage  during  March,  1972  indi- 
cated a rate  of  3.5  gpm.  This  rate  was  checked  and  did  not 
appear  to  have  changed  since  that  date.  The  seepage  appeared 
to  be  clear  with  no  evidence  of  suspended  fines. 
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Since  the  spillway  was  flowing , a detailed 
inspection  of  the  Ogee  crest  and  upstream  channel  structure 
could  not  be  made.  However,  the  flow  was  smooth  and  uni- 
form, indicating  no  unusual  deformation  of  the  spillway 
crest.  Sections  of  the  spillway  surface  and  the  spillway 
channel  paving  were  found  to  be  pitted  and  roughened,  with 
the  coarse  aggregate  of  the  concrete  being  partially  exposed 
on  the  surface  of  the  paving.  Further  downstream,  the  dis- 
charge channel  bed  was  observed  to  be  somewhat  eroded.  Ero- 
sion of  the  jointed  rock  of  the  unprotected  channel  was  also 
noted  to  be  occurring  progressively  up  channel,  undermining 
channel  paving  at  the  location  of  an  abrupt  grade  change 
about  270  feet  below  the  highway  bridge  opening.  This  con- 
dition was  also  observed  during  the  1972-73  inspections. 


7 . 0 OPERATIONAL  PROCEDURES 


It  is  understood  from  the  Owner's  representa- 
tives that  no  written  procedures  currently  exist  for  the 
operation  of  the  Springton  facility,  although  such  procedure 
have  been  verbally  established  and  are  used  by  attendent  per 
sonnel.  Similarly,  no  formal  procedures  for  maintenance 
are  available  although  it  is  reported  that  the  dam  and 
appurtenant  facilities  are  checked  regularly  and  maintained 
as  necessary  to  insure  proper  operation.  In  case  any  un- 
usual conditions  are  observed,  operating  personnel  imme- 
diately contact  the  Philadelphia  Suburban  Water  Company  of- 
fices or  contact  appropriate  authorities. 

In  both  instances,  it  is  concluded  that  appro- 
priate documents  should  be  prepared  to  formalize  operation 
and  maintenance  procedures.  These  documents  should  contain 
a history  of  all  equipment,  flow  requirements  and  a sche- 
dule of  regular  maintenance  to  be  performed  for  each  compo- 
nent of  the  dam. 

Pool  levels  are  recorded  on  week  days  and 
during  major  storms.  All  data  collected  is  sent  to  the 
Philadelphia  Suburban  Water  Company  offices. 


8.0  MONITORING  AND  WARNING  SYSTEMS 

The  inspection  revealed  that  there  are  no 
monitoring  or  warning  systems  in  effect.  Conversations  with 
representatives  of  the  Owner  indicated  what  course  of  action 


individuals  might  take  if  emergency  conditions  developed. 

This  action  primarily  consists  of  notifying  a prescribed 
PSWCo.  engineer.  However,  there  is  no  formal  document  that 
delineates  a predetermined  response  for  potentially  hazar- 
dous conditions. 

Because  of  the  value  that  an  organized  and 
documented  emergency  warning  system  can  have  on  the  out- 
come of  an  urgent  situation,  it  is  concluded  that  such  a 
plan  should  be  prepared  and  followed.  This  warning  system 
would  include  notification  of  residents  and  other  indivi- 
duals responsible  for  structures  that  would  be  affected  by 
abnormally  high  flows. 

9.0  HYDROLOGIC  AND  HYDRAULIC  EVALUATION 
9.1  DESIGN  EVALUATION  DATA 

Hydrologic  design  data  was  found  in  the  1929 
application  report,  in  a spillway  hydraulic  analysis,  and 
in  1973  and  1975  Woodward-Clyde  Consultants  dam  inspection 
reports.  The  watershed,  as  described  in  the  application 
report  and  confirmed  in  the  Woodward-Clyde  Consultants 
report  and  current  USGS  maps,  is  approximately  nine  miles 
long  and  varies  in  width  from  2.5  to  4 miles,  covering  an 
area  of  21.5  square  miles.  The  elevation  in  the  upper 
reaches  is  approximately  590  feet  and  falls  with  an  average 
slope  of  one  percent  for  4.5  miles  to  Grubb  Mill  Road,  be- 
low which  the  slope  averages  0.4  percent  to  Geist  Reser- 
voir. The  drainage  area  is  in  a developing  area,  of  which 
more  than  half  is  still  in  open  farm  and  wooded  lands.  The 
basin  runoff  characteristics  are  reflected  in  a SCS  runoff 
Curve  No.  65  (an  index  evaluating  the  rainfall-runoff  rela- 
tionship) as  of  1972.  There  are  no  upstream  reservoirs  or 
ponds . 

According  to  the  1929  Application  Report,  the 
spillway  structure  was  originally  designed  to  discharge 

12.000  cfs  with  the  reservoir  level  at  elevation  207,  the 
crest  of  the  dam.  The  peak  design  discharge  was  equivalent 
to  a discharge  of  12,000  cfs.  Original  design  data  also 
determined  that  a constant  runoff  for  4±  hours  of  one  inch/ 
hour  would  raise  the  water  level  in  the  reservoir  by  5.5  feet, 
a runoff  of  2 inches/hour  would  raise  the  water  level  by  8 
feet,  and  a runoff  of  2.65  inches/hour  would  raise  the  water 
level  by  10  feet.  It  is  not  known  which  frequency  storms 
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these  rainfalls  were  to  represent.  It  was  also  recognized 
that  the  hydraulic  control  to  a spillway  discharge  of  12,000 
cfs  would  be  a restriction  caused  by  a highway  bridge  down- 
stream of  the  spillway. 


9.2  EXPERIENCE  DATA 


From  available  performance  records,  a maximum 
depth  of  flow  over  the  spillway  crest  of  2.2  feet  (3500  cfs) 
was  recorded  on  June  22,  1972  as  a result  of  a 3.33  inch 
rainfall  measured  at  Crum  Creek  Pumping  Station.  The  June 
22nd  rain  followed  several  days  of  rain,  including  1.10 
inches  of  rain  the  day  before.  The  reservoir  level  was  at 
approximately  elevation  199.7  the  day  before  this  storm  oc- 
curred. The  recorded  minimum  water  elevation  in  the  reser- 
voir is  176.4,  July  1963. 

Tailwater  just  prior  to  overtopping  is  esti- 
mated to  be  at  elevation  205  below  the  spillway  and  above 
the  highway  bridge  and  approximately  60  feet  below  the 
top  of  the  dam  downstream  of  the  highway  bridge. 


9.3  VISUAL  OBSERVATIONS 

On  the  date  of  the  inspection,  no  conditions 
were  observed  that  would  indicate  that  the  capacity  of 
the  appurtenant  structures  would  be  significantly  reduced 
during  a flood  occurrance  (see  Appendix  B) . 


9.4  OVERTOPPING  POTENTIAL 

Hydraulic  model  studies  of  the  spillway  per- 
formed in  1946  and  1975  essentially  confirmed  the  peak 
spillway  discharge  to  be  12,000  cfs  with  the  reservoir  water 
level  at  the  crest  elevation  (actual  value  of  11,600  cfs). 
These  studies  also  confirmed  the  downstream  highway  bridge 
opening  as  being  the  hydraulic  control  for  the  spillway  dis- 
charge. The  1975  report  by  Woodward-Clyde  Consultants 
(WCC)  to  the  PSWCo . contains  a detailed  hydrologic  and  hy- 
draulic analyses  and  an  evaluation  of  the  effects  of  a PMF. 
The  conventional  flood  routing  methods  used  indicated  that 
the  calculated  PMF  inflow  of  22,100  cfs  will  overtop  the 
dam  crest  by  approximately  6 feet  and  the  parapet  walls 
by  3 feet. 
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Approximate  flood  routing  procedures  as  spec- 
ified by  the  Corps'  guidelines  (Appendix  C)  indicate  that 
the  structure  is  not  capable  of  passing  50  percent  of  the  PMF 
without  overtopping.  The  approximate  method  of  flood  rout- 
ing in  this  Phase  I evaluation  used  the  peak  inflow  rate 
and  volume  as  determined  in  the  1973  WCC  report  to  approxi- 
mate the  prescribed  triangular  inflow  hydrograph.  The  de- 
tailed WCC  1973  study  predicted  that  a design  flood  equiva- 
lent to  35  percent  of  the  PMF  could  be  passed  without  over- 
topping and,  therefore,  any  larger  flood  will  overtop  the 
structure.  If  the  parapet  walls  are  assumed  not  to  fail, 

43  percent  of  the  PMF  could  be  passed  without  overtopping. 
Copies  of  these  evaluation  studies  are  located  in  PSWCo. 
or  WCC  files. 


9.5  SPILLWAY 


The  spillway  capacity  is  classified  as  "In- 
adequate" as  it  will  not  pass  the  PMF  without  overtopping 
the  dam.  One-half  the  PMF  will  also  overtop  the  dam.  The 
parapet  walls  are  judged  to  be  able  to  withstand  overtopping 
for  only  a short  time  and,  therefore,  will  not  significantly 
increase  downstream  damage  over  what  would  occur  just  prior 
to  overtopping.  Therefore,  the  spillway  is  not  judged  to 
be  "Seriously  Inadequate". 


10.0  EVALUATION  OF  STRUCTURAL  STABILITY 


Stability  evaluations  were  performed  during  the 
previous  1973  WCC  study  and  were  reviewed  during  this  inves- 
tigation. Visual  inspections  of  the  dam  did  not  reveal  any 
features  which  would  significantly  alter  the  results  of  these 
studies.  These  evaluations  included  assessment  of  failure 
due  to  shear  deformation,  piping  and  overtopping. 

The  1973  stability  evaluations  were  made  for 
a variety  of  loading  conditions  (including  seismic  forces) 
and  indicated  that  Geist  Dam  maintains  an  adequate  margin 
of  safety  against  excessive  shear  deformation  of  the  embank- 
ment and  foundation  under  the  most  extreme  loading  conditions 
which  can  be  reasonably  postulated.  These  analyses  indicate 
the  factor  of  safety  to  be  at  least  1.1  and  1.4  for  seismic 
and  static  loading  conditions,  respectively.  Based  on  the 
visual  inspection,  there  is  no  evidence  that  a piping  failure 
by  any  of  the  several  possible  mechanisms  is  imminent  or  may 
develop. 
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11.0 


OVERALL  ASSESSMENT 


Visual  inspections  and  review  of  available 
data  concerning  the  Geist  Dam  and  Reservoir  have  been  made 
to  provide  a judgemental  assessment  of  the  present  stability 
of  this  water  storage  impoundment.  Based  on  these  investi- 
gations and  the  long-term  performance,  it  is  judged  that  the 
earth  dam  embankment  and  foundation  has  an  adequate  margin 
of  safety  against  failure  under  all  credible  loading  condi- 
tions. Further,  the  dam  does  not  exhibit  any  features 
which  would  indicate  an  embankment  or  foundation  susceptible 
to  piping  failure. 

It  is  estimated  that  the  current  spillway  and 
reservoir  system  is  capable  of  passing  a flood  of  approxi- 
mately 35  to  43  percent (D  of  the  calculated  probable  maxi- 
mum flood  (PMF) . Consequently,  the  spillway  capacity  of 
Geist  Dam  does  not  meet  the  Federal  (OCE)  dam  safety  hydro- 
logic  guidelines  and  is  deficient  in  this  regard. 

Because  of  envelopment  of  the  dam  by  riprap 
and  paving,  overtopping  of  the  dam  crest  during  storms  of 
low  return  frequency  would  not  necessarily  lead  to  a failure, 
although  the  risk  of  this  occurrence  cannot  be  completely 
discounted.  As  the  site  does  not  permit  development  of  an 
auxiliary  spillway  and  the  primary  spillway  capacity  is  con- 
trolled by  the  downstream  highway  bridge  obstruction.  The 
discharge  capacity  of  the  spillway,  as  concluded  by  the  1975 
WCC  report,  could  be  increased  to  pass  a flood  equivalent  to 
about  50  percent  PMF  but  not  significantly  more.  Further 
increase  would  require  an  increase  in  the  crest  elevation  of 
the  dam. 


Based  on  this  data  and  the  conclusion  that 
short  duration  overtopping  can  occur  for  storms  approaching 
one-half  PMF  without  complete  failure,  the  spillway  is  not 
considered  "Seriously  Inadequate".  However,  a warning  and 
surveillance  program,  together  with  a formal  operating  pro- 
cedure should  be  initiated  as  described  in  Sections  7 and 
8 of  this  report. 


(1)  The  43  percent  PMF  estimated  is  based  on  the  parapet 

Dalle  effectively  raising  the  dam  crest  from  elevation 
207  to  210. 


13 


12.0 


REMEDIAL  CONSTRUCTION  AND  MONITORING 


Exclusive  of  the  question  of  spillway  capa- 
city, the  following  conclusions  are  offered  concerning 
what  is  believed  to  be  appropriate  remedial  measures  to 
mitigate  possible  future  development  of  impaired  dam  func- 
tion. 


12.1  SPILLWAY  CHUTE  PAVING 

Repair  of  the  eroded,  spillway  chute  paving 
is  recommended  to  prevent  further  deterioration  of  the  chan- 
nel and  ultimate  degradation  of  the  discharge  structure. 

In  connection  with  repair  of  the  chute  paving,  consideration 
should  be  given  to  stabilization  of  the  underlying  jointed 
rock  using  grouted-in  rock  bolts. 


12.2  STORM  DRAIN  AND  TOE  DRAIN  SYSTEM 

To  assure  that  blockage  of  the  roadway  storm 
drain  system  would  not  ultimately  induce  excess  hydrostatic 
pressures  within  the  downstream  embankment,  the  existing 
open-joint  toe  drain  should  be  cleaned  together  with  the 
outfall  pipe  which  conveys  drainage  to  Crum  Creek.  Reloca- 
tion of  the  toe  drain  outfall  to  a higher  elevation  should 
be  made.  Partial  submergence  of  this  outfall  may  inhibit 
drainage  discharge  and  prohibit  monitoring  seepage  discharge 
as  recommended  in  Section  12.4  below.  Periodic  checking  of 
the  outfall  discharge  conditions  should  be  made. 


12. 3  DIVERSION  CONDUIT 

Although  seepage  issuing  through  construction 
joints  and  cracks  in  the  diversion  conduit  is  judged  to  be 
too  small  to  be  detrimental,  it  is  recommended  that  the 
amount  of  seepage  be  periodically  documented  together  with 
the  extent  of  cracking  within  the  conduit.  Should  monitor- 
ing indicate  a trend  towards  increasing  seepage  or  crack 
growth,  pressure  grouting  of  the  leaking  portion  of  the  con- 
duit using  a quick-set  chemical  grout  or  suitable  alternate 
would  be  appropriate. 
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POST-CONSTRUCTION  SURVEYS  OF  DAM 


iIMTEMANCE  These  were  not  readily  available  for  review  during  this  inspection. 
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VISUAL  EXAMINATION  OF OBSERVATIONS REMARKS  OR  RECOMMENDAT IONS 
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Sheet  1 of  8 

CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 

Over  one-half  ie  open  farm  and  woods.  Surburbia 
DRAINAGE  AREA  CHARACTERISTICS:  developing  in  this  area. 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY):  *00*00  ^.5  million  gallons) 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  207  <*°p  of  dam) 

ELEVATION  MAXIMUM  DESIGN  POOL:  ToP  °f  (elevation  207)  no  free  board 


ELEVATION  TOP  DAM: 


207. 00 


CREST: 


a.  Elevation  elevation  207  (dam);  elevation  200  (spillway) 

b.  Type  Earth  dm  with  concrete  core  wall  and  Ogee  spillway 


c.  Width  _ 

d.  Length 


44  feet 

2000  feet  (dm) 


e.  Location  Spillover  right  abutment  of  dm 

f.  Number  and  Type  of  Gates  None 


OUTLET  WORKS: 
a.  Type 


Ogee  crest  ZOO  feet  long 


b.  Location  right  abutment  of  spillway 

c.  Entrance  Inverts  elev^n  2°Q 

d.  Exit  Inverts  e/a 

e.  Emergency  dralndown  facilities  36 " CIP  in  cont:rol  tower 
HYDROMETEOROLOGICAL  GAGES: 

a . Type  Standard  rainfall 


b.  Location  pumping  station 


c.  Records 


read  once  per  day  and  up  to  three  times  during  major  storm 


MAXIMUM  NON-DAMAGING  DISCHARGE:  determined 
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DAM  SAFETY  ANALYSIS 

hydrologic/hydraulic  DATA 


ITEM/UNITS 


1.  Min.  Crest  Elev. , ft. 

2.  Freeboard,  ft. 

3.  Spillway r2;Crest  Elev,  ft. 
3a.  Secondary (2) Crest  Elev,  ft, 

4.  Max.  Pool  Elev.,  ft. 

5.  Max.  Outflow^2,  cfs 

6.  Drainage  Area,  ml2 

7.  Max.  Inflow  , cfs 

8.  Reservoir  Surf.  Area 

9.  Flood  Storaoe^ 

10.  Inches  of  Runoff  (PMF) 


ite:  fl3/7d 
By;  MFV 


Sheet:  e of 


Nat.  ID  No.  PA  OQ3V6  DER  No. 


Pemrft/Deslgn 

Files 


I.Jm.lS 


Calc,  from 
Flles/Other 


IUJ 


N/A 

a /.s' •*.</«*- 


Calc,  from 
Observations 


IHI 


m Jtmt 


Reference  all  figures  by  number  or  calculation  on  attached  sheets: 

Example:  3A  - Drawing  No.  xxx  by  J.  Doe,  Engr.,  In  State  File  No.  yyyy. 


NOTES: 

(1)  Emergency  spillway. 

(2)  Secondary  ungated  spillway. 

(3)  At  maximum  pool , without  freeboard. 

(4)  Between  spillway  and  maximum  pool. 
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HYDROLOGIC/HYDRAULIC  CALCULATIONS  (cont.) 


Item  (from  sheet  i) 


Source 


I A,  SLA,  3A 

(•A,  BA,  SA 

&A) 

3B,  LB,  6b 


IB,  IB ,iO& 
LC,  6<L 


P3U>Co.  Pla»a 

Application  Peport  Ju.ly  (•,  l*} 

(}/er,li/  ky  IHC.  Mod  a.  I S4udy) 

Plan  located  in  Crum  Creak  Put*  pine 
3+a. 

I97&  /-/ ydrau-Lc.  Modal  Study  by 
Verna.  Engineering , Carnegie,  Pa. 

Cal  culat-iena  on  -f\l«  ad  P BlOCc. 

L>3G3  Mafs 

LU«rf  Cheater  C IV*8) 

Muloern  09  73) 

Valley  For^c  0973) 

Media.  C/973) 
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INFLOW  AND  OUTFLOW  HYDR06RAPHS 
GEIST  DAM  SPILLWAY 
MAXIMUM  PROBABLE  STORM 
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SHEET  u of  & 
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RESERVOIR  SURFACE  ELEVATION 
GEIST  DAM  SPILLWAY 
MAXIMUM  PROBABLE  STORM 


DAM  SAFETY  ANALYSIS 
hydrologic/hydraulic  CALCULATIONS 


Date:  Lj  76 

By;  jHFt 


Sheet: 


DAM 


Nat.  ID  No.  Vfi  PO&4& 


Calculations  for  Design  f /.  As-Built  / /.  Existing  /~^T  Conditions 


DER  No.  as- 79 


1.  Spillway  Discharge  at  Max.  Pool4,  Q 

omac 
O ft. 


II,  LOO  *"cfS 


Freeboard  at  Max.  Pool 


2.  Tributary  Drainage  Area4,  A «3/f 

3.  From;  (See  Sheet  2,  Item  7) 

a)  Inflow  hydrograph  peak  flow,  Q 


mi3 


0 r,sz*>) 


Imax 


32ooo  cfs  at 


(«*) 

I oof*  PMF 


b)  Inflow  hydrograph  duration,  T hrs. 

IF  ^omax  exceeds  Qjmax»  check  here  and  stop  / 7 


4.  Calculate  p ■ Qomax/QIlnax  - 


(n.too/  irts*><>) 

5.  Calculate  Volume  of  Inflow  hydrograph,  Vj 

V 


Co.ua  70) 


'I 


18°°  Q!|nax  T - 1000  x x C’‘*° 


0 V»fJ 


6.  Calculate  volume  of  storage  between  normal  and  maximum  pool,  V 


Crest  Elevation 



_ ft- 

Freeboard4  » 

0 

_ ft. 

El.  Max.  Pool  = 

<20? 

_ ft. 

El.  Normal  Pool  4 = 

2.00 

_ ft. 

Storage  Height  = 



_ ft- 

Area  of  reservoir  from  USGS  quad  sheet4. 


ft2 


V$  = Gtoi‘age~Me  ight  x Aiea  * &BS  7 ft^A*.  -ft 
IF  V$  exceeds  Vj , check  here  and  stop  / / . 

4 See  Sheet  2 

***  The  difference  between  11,600  cfs  and  12,000  cfs  has  little  effect 
on  the  final  result. 
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HYDROLOGIC/HYDRAULIC  CALCULATIONS  (cont.) 

DAM  

Design  / / , As-Built  (_ / , Existing 

7.  Calculate  storage  required  to  pass  flood,  VR 

Vr  * (l-p)  Vj  * (i  x os 

Cl-.cata)  (lifieH]  Js^uoy 

IF  V$  exceeds  VR,  check  here  and  stop  / 7 . 

8.  Calculate  freeboard  storage,  Vp 

Vp  = Freeboard  x Area  = x 3 O ft* 

Does  VR exceed  V$  + Vp?  . If  yes,  repeat  for  1/2  PMF,  If  this 

calculation  Is  for  1/2  PMF,  and  answer  Is  still  yes>  dam  may  be  unsafe. 


Date:  tJUi* 

By:  VM  Jmf5 

Sheet:  o of 


SUMMARY 


Dam  passes  PMF  with  ft.  freeboard  . . . / / 

PMF  with  no  freeboard /~7 

1/2  PMF  with ft.  freeboard  . / / 

1/2  PMF  with  no  freeboard / / 

None  of  the  above /»*7 
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VIEW  OF  SEEPAGE  IN  THE  FLOOD  PLAIN  AREA  DOWNSTREAM  OF  THE  EMBANKMENT 
NEAR  THE  LEFT  ABUTMENT.  SOME  OF  THE  SEEPAGE  SHOWN  HERE  COMES 
FROM  THE  SEEPAGE  SHOWN  IN  PHOTO  NO.  5. 


-- 


REGIONAL  LOCATION  PLAN 
GEIST  STORAGE  DAM 
U.S.G.S.  QUAD  SHEET  ‘MEDIA 
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PLATE  I 


MJlililTf  f 


PLAN  OF  DAM  AND  APPURTENANCES 
DEIST  STORAGE  DAM 


DELAWARE  COUNTY 


PENNSYLVANIA 


DATA  OBTAINED  FROM  PHILADELPHIA  SUBURBAN  WATER 
WATER  COMPANY  DOCUMENTS 


PLATE  2 


THIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
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PLATE  3 


THIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
PROM  COPY  PURNLSHED  TO  DM - 
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TYPICAL  CROSS-SECTION  WITH  CONSTRUCTION  DETAILS 
GEIST  STORAGE  DAM 


DELAWARE  COUNTY 


PENNSYLVANIA 


DATA  OBTAINED  FROM  PHILADELPHIA  SUBURBAN  WATER 
WATER  COMPANY  DOCUMENTS 


PLATE  5 


GABBROIC  GNEISS 


SERPENTINE 


AND  GABBRO 


eservoir 


WISSAHICKON 


MICA  SCHIST 


SITE  GEOLOGIC  MAP 
GEIST  STORAGE  DAM 


DELAWARE  COUNTY 


PENNSYLVANIA 


DATA  OBTAINED  FROM  PHILADELPHIA  SUBURBAN  WATER 
WATER  COMPANY  DOCUMENTS 


PLATE  7 


